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@ Conveyor belt cross-stream sampling method.

@) A cross-stream increment of material is removed it is moving.
from an enlongate conveyer belt (20) having drive
means (23) for moving the belt longitudinally at a
desired velocity using a sampler (28) that includes a
sample sweep (41) mounted adjacent the belt for
rotation about a rotative axis (33) so as to pass
through the material on the belt, a pair of cranks (44,
45) connected to the sweep for rotating the sweep
about the axis, a double-acting pneumatic cylinder
(50, 51) operatively connected to each crank for
imparting a force to its associated crank to cause the
crank to rotate the sweep, and a valve (69) for
alternately pressurizing and venting chambers of
each double-acting pneumatic cylinder. The sweep
is controlled and rotated to accomplish removal of
the cross-siream increment by pressurizing a se-
™= lected chamber of each cylinder to provide balanc-
ing forces to hold the sweep in a predetermined
wm ready position, thereafter alternately pressurizing and
OQ venting selected chambers of the cylinders to pro-
vide forces to rotate the sweep through an arcuate
o) path which passes through the body of material to
MNbe sampled to remove the cross-stream increment
of material from the belt, and thereafter pressurizing
O selected chambers of the cylinders to return said
sweep to the ready position. An advantage of the
W method is that it enables the attainment of high
sample speeds to facilitate the removal of accept-
ably representative sampies from the conveyer while
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CONVEYOR BELT CROSS-STREAM SAMPLING SYSTEM METHOD

This invention relates to improvements in the
mechanized sampling of bulk material. Specifically,
the invention relates to the cross-stream sampling
of bulk material from a conveyor belt, particularly a
moving belt.

The invention was developed primarily for use
in the incremental collection of samples of coal
from a conveyor belt, and it is therefore convenient
to describe the same as used for such purposes.
Of course, the invention can be used in the sam-
pling of other bulk materials and is not to be
construed as limited to the sampling of coal.

Belt conveyors subject to possible mechanical
sampling installations include a full range of lengths
from short feeder conveyors to overiand conveyors
spanning thousands of feet. Belt widths may vary
from 14 to 96 inches. Belt speeds may vary from a
slow creep for some feeders to as much as 1000
feet per minute. It is obvious that it would not be
practical to intermittently stop a lengthy, high-ca-
pacity belt conveyor for sampling purposes. Thus,
it would be advantageous to obtain a cross-stream
sample increment from a moving conveyor belt.

Mechanized sampling from a moving conveyor
has been empioyed but the results have not been
entirely satisfactory. For example, previous sweep
samplers have tended to cross the moving belt
relatively slowly. In the case of a fast moving belt,
the relative speeds of the belt and the sampling
mechanism moving across the belt causes the
sample to be taken along a line which deviates
excessively from a line perpendicular to the belt
length. The result is excessive material disturbance
and beit spill. Another problem has been that con-
ventional sweeps do not adequately mate with the
upper surface of the belt in their movement across
the belt which makes it difficult to obtain a full
cross-stream increment. This can also result in
damage to the belt and/or sampler.

Consequently, known approaches to the
mechanized sampling of bulk materials on a con-
veyor belt have not been effective in removing
acceptably representative cross-stream increment
samples from a conveyor belt, particularly a mov-
ing belt.

It is therefore an object of this invention to
provide a sampling method for removing a cross-
stream increment of bulk material from a conveyor
belt.

Another object of this invention to provide a
mechanized sampling method for removing an ac-
ceptably representative cross-stream increment of
butk material from a moving conveyor belt.

A further object of the invention is the provision
of a sampling method of the character described
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employing a sample sweep which moves across
the belt in mating relationship therewith to obtain a
full cross-stream increment and to avoid damage to
the belt and/or sweep.

These and other objects and advantages of the
invention will become apparent upon consideration
of the following detailed description when consid-
ered in conjunction with the accompanying draw-
ings in which:

FIGURE 1 is a somewhat diagrammatic top
plan view of a conveyor belt and supporting struc-
ture for use in the cross-stream sampling method
of the present invention;

FIGURE 2 is a somewhat diagrammatic side
view of the conveyor belt of FIGURE 1;

FIGURE 3 is a diagrammatic side elevational
view of one form of a sampling apparatus for use
with the conveyor belt illustrated in FIGURES 1 and
2;

FIGURE 4 is a diagrammatic top plan view
of the sampling apparatus of FIGURE 3;

FIGURES 5a through 5f are diagrammatic
views illustrating removal of a cross-stream incre-
ment of bulk material from a conveyor in accor-
dance with the invention; and

FIGURES 6a and 6b are diagrammatic il-
lustrations of a valve for use in the sampling ap-
paratus.

Briefly, the present invention includes a meth-
od for removing a cross-stream increment of ma-
terial from an enlongate conveyor beit having drive
means for imparting longitudinal movement to the
belt at a desired velocity. The method invoives the
use of a sampler which includes a sample sweep
mounted adjacent the belt for rotation about a
rotative axis so as to pass through the material on
the belt, a pair of cranks connected to the sweep
for rotating the sweep about the axis, a double-
acting pneumatic cylinder operatively connected to
each crank for imparting a force to its associated
crank to cause the crank to rotate the sweep, and
valve means for alternately pressurizing and vent-
ing chambers of each double-acting pneumatic cyl-
inder. In accordance with the method, the sweep is
controlled and rotated by pressurizing a selected
chamber of each cylinder to provide balancing
forces to hold the sweep in a predetermined ready
position. Thereafter, selected chambers of the cyl-
inders are alternately pressured and vented to pro-
vide forces to rotate the sweep through an arcuate
path which passes through the body of material to
be sampled to remove the cross-siream increment
of material from the belt. Then, selected chambers
of the cylinders are pressurized to return the
sweep to the ready position. The method is ad-
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vantageous in that it enables the attainment of very
high sample sweep velocities in the order of 180
inches per second or more to facilitate the removal
of an acceptably representative sample from a
moving conveyor.

In a preferred embodiment, material is ejected
from the sweep after it crosses the belt by pres-
surizing a selected chamber in one of the cylinders
momentarily to oppose the force of the chamber in
the other cylinder. This causes the sweep to rap-
idly decelerate and eject the material.

In many cases, the conveyor belt is supported
in a trough-like configuration so that portions of its
surface are flat and are angied with respect to one
another when viewed in cross section. In such a
case, it is difficult to remove an acceptably repre-
sentative cross-stream increment from the belt us-
ing a sweep that rotates transversely of the belt. In
accordance with one feature of the invention, the
method further comprises modulating the normal
troughing of the belt and supporting and conform-
ing the belt to the arcuate path of the sweep so
that the sweep moves in close proximity to the
upper surface of the moduiated belt and removes a
cross-stream increment from the belt as it moves
through its accurate path across the belt, thereby
promoting complete removal of material from the
belt.

Referring now to the drawings in which like
reference characters refer to like or similar parts
throughout the several views, FIGURES 1 and 2
illustrate the positioning of a sampling unit A adja-
cent a belt conveyor B. Generally, the sampling
unit A is supported in an operative position over
and adjacent to a continuous belt 20 for removing a
cross-stream increment from a conveying reach 22
of the belt 20. In a typical installation, a plurality of
idlers support the conveying reach 22 of the belt
20 in a ftransverse trough-like configuration (See
FIGURE 6a(2)) so that the reach 22, viewed in
cross-section, has angled sides relative its center.
The belt 20 is driven by any suitable means such
as, for example, a drive motor 23 located adjacent
one of its ends.

One form of a sampling unit A for use in the
invention is illustrated diagrammatically in FIG-
URES 3 and 4 and includes a sampling apparatus
26 comprising a sampler 28 rotatably mounted on
a support 30 fabricated from suitable structural
members. Support 30 forms a part of an overall
frame structure indicated generally in the drawings
at 32 which may be secured to the support struc-
ture of the belt conveyor B for supporting the
sampler 28 in an operative position adjacent the
conveyor. Sampler 28 is preferably fixedly moun-
ted on a shaft 33 which is rotatably mounted on the
- support 30 over and above the conveying reach 22
and aligned parailel to the line of movement of the

10

15

20

25

30

35

40

45

50

55

belt 20 so that the sampler 28 rotates in a plane
that is substantially perpendicular to the direction
of movement of the belt.

Sampler 28 may include side or driver plates
34 and 36 each having one end rigidly attached to
shaft 33 for rotation therewith. The plates 34 and
36 are spaced apart, preferably a distance of not
less than three times the diameter of the largest
piece of bulk material being conveyed on the con-
veying reach 22. The end of each of the plates 34
and 36 is provided with an arcuate edge 38, ali
portions of which are substantially the same radial
distance from the shaft 33. The radially outermost
point on the edges 38 defines the extremity of the
path of arcuate movement of sampler 28.

In order to sweep material from the belt, a back
plate or sweep 41 is fixedly connected between the
plates 34 and 36. The sweep 41 includes a radially
outermost edge 4ia positioned adjacent the ar-
cuate edges 38 of the said plates 34 and 36.

The sweep 41 and the side plates 34 and 36
are preferably arranged so that sampler 28, when
viewed in cross-section, is in the shape of an open-
ended rectangle. The side plates 34 and 36 thus
divide and segregate the cross-stream increment
ahead of the sweep 41 as the sampler 28 is rotated
across the conveying reach 22.

The sampler 28 is rotated in the direction of
the arrow 42 in FIGURE 3 and, in order to eject
material from the conveying reach 22, the sweep
41 is preferably configured so that the position of
its leading surface 41b is advanced in the direction
of rotation of the sampler 28 at progressively radi-
ally inward locations on the surface 41b from the
outer edge 41a. Consequently, when sampler 28 is
rotated, the sweep 41 will impart a force to an
increment on the beit which will cause it to be
ejected from the sampler 28 as will be hereinafter
described.

In order to effect rotation of the shaft 33 and
the sampler 28, cranks 44 and 45 are connected to
opposite ends of the shaft 33. Each of the cranks
44 and 45 is also connected to one of a pair of
double-acting pneumatic cylinders 50 and 51 hav-
ing pistons 50a and 51a, respectively. Piston rods
48 and 49 of the respective pneumatic cylinders 50
and 51 are connected to pistons 50a and 51a in the
usual manner, and are pivotally connected to their
relaied crank 44 or 45 as by the crank pins 48a
and 49a. The crank pins 48a and 49a are prefer-
ably angularly offset from one another about 40 to
about 90 degrees, and most preferably are an-
gularly offset from about 50 to about 75 degrees.
Base ends 52 and 54 of the cylinders 50 and 51,
respectively, are pivotally connected to the frame
as by pivot pins 52a and 54a.

A belt modulator 60 extends transversally of
and beneath the conveying reach 22 between a
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pair of adjacent idler roller sets 24. The modulator
60 is operable to modulate the normal troughing of
the belt 20 and support and conform the belt 20 to
the arcuate path of the sampler 28 so that the
sampler 28 moves in close proximity to the upper
surface of the belt. The moduiator 60 includes a
pair of elongate beams 61 which are pivotally con-
nected at one of their ends as at 63 to the frame
32 and are connected at their other ends to piston
rods 62 of pneumatic cylinders 64 which are at-
tached to the frame 32 by pivot pins 65. The
beams 61 are longitudinally spaced apart relative
to the belt 20 and are oriented substantially per-
pendicular to belt.

The cylinders 64 are operable to raise and
lower the beams 61. Each beam has an arcuate
portion 66 on its upper surface that has a radial
dimension substantially equal to the radius of the
arc circumscribed by the edge 38 of the sampler
28. An arcuate belt-supporting plate 67 spans be-
tween the arcuate portions 66 of the beams 61 with
its axis substantially parallel to the direction of
movement of the belt and has a radial dimension
substantially equal to that of the arcuate portions
66.

The modulator 60 is normally spaced below
the conveying reach 22 and, on actuation of the
cylinders 64, is pivoted upwardly against the con-
veying reach 22 to a raised position to lift and
contour the conveying reach 22 so that it has a
transverse arcuate configuration which substantially
conforms to the radius of the arc as described by
the radial extremity of the arcuate edge 38 of the
sampler 28 as it moves across the reach 22. The
raised position of the modulator 60 presents the
upper surface of the reach 22 just below the path
of the sampler 28 so that the latter moves in close
proximity to the upper surface of the belt. This
position of the modulator 60 is iliustrated in FIG-
URE 3 and in FIGURES 6b through 6e to be
described subsequently. Thus, the modulator 60
modulates the normal troughing of the conveying
reach 22 in a manner to facilitate a clean sweep of
sampler 28 across the belt and also serves o
support the belt 20 in the area swept by the
sampler 28 so as to substantially eliminate the
possibility of puncture of the belt 20 by any sharp-
edged particles as they are being removed from
the reach 22.

Control means 68 (See FIGURE 1) may be
mounted on the frame 32 of the sampling appara-
tus 26 for systematic operation of the sampling unit
A; i.e., for sequentially actuating the modulator 60
to lift and contour a portion of the belt 20 to an
arcuate configuration which substantially conforms
to the radial path of sampler 28; selectively actuat-
ing the cylinders 50 and 51 to impart a rotational
force on the sampler 28 causing the latter to rotate
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on the shaft 33 to segregate and remove a cross-
stream increment of bulk material from the belt 20;
and lowering the modulator 60 to resume normal
troughing of the belt 20 on the idlers 24.

Control means 68 are preferably pre-set in
accordance with predetermined timing or location
as to sample taking, free of selection on a discre-
tionary basis by an operator, and are operative
such that the systematic and sequential operation
thereof is performed within a very short period of
time. As will be described, the sampling apparatus
26 is capable of effectively removing a cross-
stream increment of the bulk material while the belt
20 is moving which eliminates the need for surge
capacity on the conveyor B upstream of the sam-
pling location.

in order to effectuate selective actuation of the
double-acting cylinders 50 and 51, the control
means 68 may include a control valve connected to
the ports of each cylinder fo pressurize one end of
the associated cylinder and vent the other. Various
commercial valves are readily available for the pur-
pose. Basically, all of the valves operate with a
slide or rotary member, operated by an actuator
such as a solenoid to control the airflow as desired.

One such valve 69 is shown diagrammatically
in FIGURES 6a and 6b. The valve 69 includes a
base plate 70 having two ports 72 and 74 which
are connected to ports 76 and 78 on the cylinder to
be actuated via conduits 80 and 82.

Adjacent the base plate 70 is a slide 84 which
is movable in sealing relationship with the base
plate from the position shown in FIGURE 6a to the
position shown in FIGURE 5b by means of a sole-
noid 86. The slide 84 is provided with a central port
88 which is connected to a source of pressurized
air and which is movable under the action of the
solenoid 86 to communicate with either the port 72
or the port 74. Vent ports 90 and 92 are provided
in the slide 84 on each side of the central port 88
to communicate with the non-pressurized one of
the ports 72 and 74.

In operation, when the slide is in the position
shown in FIGURE 6a, pressurized air is admitted to
the cylinder through the conduit 80 and the port 76.
Simultaneously, port 78 is vented through line 82
and ports 74 and 92. This causes the piston (either
piston 50a or 51a) to move in the direction of arrow
94. Actuation of solenoid 86 moves the slide to the
position shown in FIGURE 6(b) whereupon port 78
is pressurized and port 76 is vented, thus causing
the piston to move in the direction of arrow 96.

Steps involved in the removal of a cross-
stream increment from the belt 20 in accordance
with the present invention are illusirated in FIG-
URES 5a-f. The method is illustrated in connection
with sampling apparatus 26 and the sampler 28
described above, certain features of which are
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omitted for the purpose of clarity.

Each of the Figures is directed to the position
of the sampler 26 and the cylinders 50 and 51.
During various stages of the sampling operation,
the Figures followed by the number (1) refer to the
position of the upstream cylinder 50 and the Fig-
ures followed by the number (2) refer to the posi-
tion of the downstream cylinder 51. On the draw-
ings, the ports for the cylinders 50 and 51 which
are supplied by the cylinder valves 69 to pressur-
ize and vent the chambers of the cylinders adja-
cent opposite faces of the pistons 50a and 51a are
shown diagrammatically by the heavy arrows which
are marked with the letters "P" and "V" represent-
ing admittance of pressurized air and venting, re-
spectively.

FIGURES 5a(1) and (2) show the two cylinders
50 and 51 and sampler 28 in the rest position. In
that position, cylinder 50 has its base port pressur-
ized and its rod end port vented with the piston 50a
of the cylinder 50 being ahead of dead center. The
cylinder 51 has its rod end pressurized and its
base end vented with its piston 51a being approxi-
mately mid-way between the ends of the cylinder
51. In this position, the forces exerted by the
cylinders 50 and 51 are balanced and the sampler
28 is stationary above the belt 20.

Referring now to FIGURES 5b(1) and (2), the
modulator 60 is raised to contour the belt 20 into
an arcuate configuration as described above and
the valve controlling the downstream cylinder 51 is
actuated to pressurize the base end of cylinder 51
and to vent the rod end. At this point, the sampler
28 is rotated by the dual action of the two cylinders
50 and 51 working together to cause rapid accei-
eration.

At about the time the crank pin 48a of cylinder
50 reaches dead center, the valve controlling cyl-
inder 50 is actuated to pressurize the rod end of
cylinder 50 and to vent the base end. The position
of both cylinders 50 and 51 is shown in FIGURES
5¢(1) and 5c¢(2). This causes the sampler 28 to
again be accelerated by the two cylinders simulta-
neously.

At about the time the crank pin 49a of cylinder
51 reaches dead center, the valve controlling that
cylinder is actuated to cause pressurized air to be
applied to the port at the rod end of the cylinder 51
and to vent the port at the base end. This condition
is shown in FIGURES 5d(1) and (2). Again, as the
sampler 28 is passing across the belt 20, it is
being powered by both cylinders.

As the sampler 28 leaves the belt 20 and
ejects the sample as shown in FIGURE 5e(1) and
(2), the pin 48a of the cylinder 50 has passed dead
center so that the cylinder 50 opposes the action of
the cylinder 51 causing rapid deceleration of the
sampler 28. As a result, sampler 28 ejects the
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sample increment at a predetermined trajectory.
The valve controlling the air supply to the cylinder
50 is preferably timed to provide about a 100
millisecond delay past dead center position of cyl-
inder 50 after which it is actuated to pressurize the
base end of cylinder 50 and to vent its rod end.
This causes the sampler 28 to come to rest in iis
original position because of the bucking action of
the cylinders 50 and 51 (See FIGURES 5f(1) and
(2)). This completes the cycle. Of course, the
modulator 60 is lowered so that the belt 20 returns
to its unmodulated condition.

As is apparent, the described construction re-
sults in substantial forces on the sampler 28 to
effect rapid acceleration and siows and positions
the sampler 28 without need for stops, brakes or
clutches.

By way of example, several advantages of the
present invention may be illustrated in the context
of a belt conveyor moving at a rate of about 550
feet per minute conveying approximately 1200 tons
of coal per hour with the largest expected lump
size being about 2 inches in diameter. The con-
veyor belt has a width of 42 inches and carries a
36 inch wide stream of coal.

The width between the side plates of the sam-
pler 28 is about six inches since for adequate
sampling, it should be at least three times the
largest size encountered.

In accordance with the present invention, the
sampler may be accelerated to a velocity of 180
inches per second or more by the time it impacts
the bulk material on the belt. The resulting traversal
of the modulated belt is achieved in a small frac-
tion of a second to remove the sample increment.
The sample obtained is an acceptably representa-
tive sample according to ASTM Type | condition B
criteria for coal applications.

While the features of the present invention as
herein shown and described are especially adapted
for taking cross-stream increment samples of bulk
material from a moving conveyor belt, it is clear
that the invention finds utility as well in obtaining
such sampies from stopped conveyor belts. How-
ever, the provision for obtaining sampies from a
moving belt enables an uninterrupted flow of bulk
material to ultimate processing steps offering sig-
nificant advantages over previously used sampiing
techniques. For example, the invention avoids the
need for surge capacity in the conveying line and
reduces wear and tear on the machinery and asso-
ciated components attendant repeated start and
stop cycling. The invention also eliminates the prior
practice of conducting a side stream of the bulk
material away from the main stream so that sam-
ples may be taken from the side stream, because
the sampling unit may be incorporated into the
main conveyor.
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Although particular embodiments of the present
invention have been described in the foregoing
detailed description, it will be understood that the
invention is capable of numerous rearrangements,
modifications and substitutions of parts without de-
parting from the scope of the invention as set forth
in the claims below.

Claims

1. In a sampler for removing a cross-stream
increment of material from an enlongate conveyor
belt having drive means for imparting longitudinal
movement thereto at a desired velocity, and
wherein the sampler includes a sample sweep
mounted adjacent the belt for rotfation about a
rotative axis so as to pass through the material on
the belt, a pair of cranks connected to the sweep
for rotating the sweep about the axis, a double-
acting pneumatic cylinder operatively connected to
each crank for imparting a force to its associated
crank to cause the crank to rotate the sweep, and
valve means for alternately pressurizing and vent-
ing chambers of each cylinder, the method of con-
trolling and rotating the sweep which comprises
pressurizing a selected chamber of each cylinder
to provide balancing forces to hold the sweep in a
predetermined ready position, thereafter alternately
pressurizing and venting selected chambers of the
cylinders to provide forces to rotate the sweep
through an arcuate path which passes through the
body of material to be sampled to remove the
cross-stream increment of material from the belt,
and thereafter pressurizing selected chambers of
the cylinders to return said sweep to the ready
position.

2. A method according to Claim 1 further com-
prising modulating the belt and supporting and
conforming the belt to the arcuate path of the
sweep so that the sweep moves in close proximity
to the upper surface of the belt and removes a
cross-stream increment from the belt as it moves
through its arcuate path across the belt.

3. A method according to Claim 1 wherein the
belt is modulated and is supported and conformed
fo the arcuate path of the sweep by lifting the belt
to a position closely adjacent the arcuate path
using a lifter that has an arcuate surface contacting
the lower surface of the belt with a radius cor-
responding substantially to the radius of the arc
described by the arcuate path of the sweep as it
moves across the belt.

4. A method according to Claim 1, 2, or 3
wherein the conveyor belt is moving longitudinally
with the material supported thereon as the sweep
is rotated across the belt to remove the cross-
stream increment.
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5. In a sampler for removing a cross-stream
increment of material from an enlongate conveyor
belt having drive means for imparting longitudinal
movement thereto at a desired velocity and which
is supported in a trough-like configuration, and
wherein the sampler includes a sample sweep
mounted adjacent the belt for rotation about a
rotative axis through an arcuate path so as to pass
through the material on the belt, a pair of cranks
connected to the sweep for rotating the sweep
about the axis, a double-acting pneumatic cylinder
operatively connected to each crank for imparting a
force to its associated crank to cause the crank to
rotate the sweep, and valve means for alternately
pressurizing and venting chambers of each double-
acting pneumatic cylinder, the method of control-
ling and rotating the sweep comprising, pressuriz-
ing a selected chamber of each cylinder to provide
balancing forces to hold the sweep in a predeter-
mined ready position, thereafter alternately pres-
surizing and venting selected chambers of the cyl-
inders to provide forces to rotate the sweep
through an arcuate path which passes through the
body of material to be sampled and, after the
sweep has passed through the body of material,
pressurizing a selected chamber in one of said
cylinders momentarily to oppose the force of the
chamber in the other cylinder to decelerate said
sweep and eject material from the sweep, and
thereafter pressurizing selected chambers in the
cylinders to return the sweep to the ready position.

6. A method according to Claim 4 further com-
prising modulating the normal troughing of the belt
and supporting and conforming the belt to the
arcuate path of the sweep so that the sweep moves
in close proximity to the upper surface of the
modulated belt and removes a cross-stream incre-
ment from the belt as it moves through its arcuate
path across the belt.

7. A method according to claim 5 or 6, whersin
the conveyor belt is moving longitudinally with the
material supported thereon as the sweep is rotated
across the belt to remove the cross-stream incre-
ment.
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